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(54) NON-RECIPROCAL CIRCUIT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the insertion loss 
and obtain excellent temperature stability in frequency, 
by constituting the ratio of saturation magnetization of a 
permanent magnet and that of microwave ferrite to be 
greater than the ratio at the time of normal temperature, 
on both low and high temperature sides. 
SOLUTION: The ratio (Msm/Msf) of saturation 
magnetization (Msm) of a permanent magnet and 
saturation magnetization (Msf) of microwave ferrite is 
set to be greater than the ratio at the time of normal 
temperature, on both low and high temperature sides. 
Temperature coefficient of the microwave ferrite is set 
to be -0.27 to -0.34%/° C on the high temperature side 
(60-100° C), and 0 to 0.18%/° C on the low 
temperature side (-40 to 20° C). The mean value of 
temperature coefficient of saturation magnetization 
(Msf) of a garnet type ferrite is set to be 0 to -0.18%/° 
C in the temperature region of -40 to 20° C, and -0.27 
to -0.34%/° C in the temperature region of 60 to 1 00° 
C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The non-reciprocal circuit element which is a non-reciprocal circuit element which 
operates by the magnetic field higher than a ferromagnetic-resonance magnetic field, and is 
characterized by the value of the ratio (Msm/Msf) of the saturation magnetization (Msm) of a 
permanent magnet and the saturation magnetization (Msf) of a microwave ferrite being size from 
the time of ordinary temperature also in any by the side of low temperature and an elevated 
temperature. 

[Claim 2] Permanent magnet. The principal component which is a magnetic yoke is an iron metal 
case. The microwave ferrite to which the magnetic flux of this permanent magnet is impressed. 
Two or more striplines arranged near [ a microwave ferrite ] this. The capacity element 
electrically connected to this stripline. It is the non-reciprocal circuit element equipped with the 
above, the temperature coefficient of the saturation magnetization (Msf) of the aforementioned 
microwave ferrite - Average in 40 Degrees C - 20 Degrees C Temperature Field is 0%/Degree- 
C-Alpha%/** (however, Temperature Coefficient [ in / -40 Degrees C - 20 Degrees C of 
Saturation Magnetization (Msm) of the Aforementioned Permanent Magnet / in Alpha ]). And it is 
characterized by the average in a 60 degrees C - 100 degrees C temperature field being % 
(1.5xbeta)/**-(1.9xbeta) %/** (however, temperature coefficient [ in / 60 degrees C - 100 
degrees C of the saturation magnetization (Msm) of the aforementioned permanent magnet / in 
beta ]). 

[Claim 3] Permanent magnet. The principal component which is a magnetic yoke is an iron metal 
case. The garnet ferrite to which the magnetic flux of this permanent magnet is impressed. Two 
or more striplines arranged near [ garnet ferrite ] this. The capacity element electrically 
connected to this stripline. It is characterized by the average in the temperature field to which 
the average [ in / a -40 degrees C - 20 degrees C temperature field / it is the non-reciprocal 
circuit element equipped with the above, and the aforementioned permanent magnet is a ferrite 
magnet, and / in the temperature coefficient of the saturation magnetization (Msf) of the 

aforementioned garnet ferrite ] is 0% //degree C / 0.18%/degree C, and is 60 degrees C - 100 

degrees C being -0.27% //degree C / - -0.34%/degree C. 

[Claim 4] Empirical formula GdzY Magnetic material characterized by the bird clapper from the 
composition with which it is expressed with 3-2 x-zCa2xFe2-ylnyFe3-xVx01 2, and is satisfied of 
0< x<=0.7, 0.25< y<=0.4, and 0.35<=z<=1 .6 in the aforementioned empirical formula. 
[Claim 5] How to compensate the temperature characteristic of the non-reciprocal circuit 
element which is the method of compensating the temperature characteristic of a non-reciprocal 
circuit element which operates by the magnetic field higher than a ferromagnetic-resonance 
magnetic field, and is characterized by making it the value of the ratio (Msm/Msf) of the 
saturation magnetization (Msm) of a permanent magnet and the saturation magnetization (Msf) of 
a microwave ferrite serve as size from the time of ordinary temperature also in any by the side 
of low temperature and an elevated temperature. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method of the 
temperature compensation for obtaining a non-reciprocal circuit element of having excelled in 
the temperature characteristic of an insertion loss or center frequency or, about the magnetic 
material for obtaining the non-reciprocal circuit element which was excellent in the temperature 
characteristic about a circulator, concentrated-constant type the non-reciprocal circuit element, 
i.e., the isolator, used below 100MHz or more 20GHz. 
[0002] 

[Description of the Prior Art] Non-reciprocal circuit elements, such as an isolator and a 
circulator, are used for the RF device which used the 20GHz frequency band from 100MHz in 
many cases. This element makes the RF of the forward direction pass with low loss on specific 
frequency, and has the function to make the RF of an opposite direction prevent. 
[0003] The usual concentrated-constant type non-reciprocal circuit element is the structure 
where a permanent magnet and the principal component which is the magnetic yoke have an iron 
metal case, the microwave ferrite to which the magnetic flux of a permanent magnet is 
impressed, two or more striplines and central conductor which have been arranged near [ this ] 
the microwave ferrite, and the capacity element (for example, capacitative element like a chip 
capacitor) electrically connected to this stripline. Moreover, usually, the above-mentioned 
microwave ferrite and the above-mentioned magnet are arranged so that it may be piled up. 
[0004] In addition, if termination of the one terminal of 3 terminal circulator which is one of the 
non-reciprocal circuit elements is carried out by the resistance element, it becomes an isolator, 
and as for an isolator and a circulator, the gestalt top is also technically similar. 
[0005] There is loss at the time of passage of the RF which makes one of the most important 
properties required of this non-reciprocal circuit element pass the element concerned to the 
forward direction, i.e., an insertion loss. Needless to say, an insertion loss is so good that it is 
small. In order to maintain the performance excellent in the temperature requirement with the 
above-mentioned still larger non-reciprocal circuit element, the temperature characteristic of an 
insertion loss also needs to be excellent. 

[0006] On the other hand, the frequency characteristic is in other one of the most important 
properties required of a non-reciprocal circuit element. A non-reciprocal circuit element uses a 
ferromagnetic resonance, and is usually designed by the view of ABABU resonance (the design 
method with which it is made resonant [ by the high magnetic field side ] from the direct-current 
magnetic field from which mu+" of an avobe resonanse; microwave ferrite becomes the 
maximum). 

[0007] Frequency is set up so that it may become the operating frequency of the non-reciprocal 
circuit element concerned. That is, it is set up so that the frequency determined in 
approximation by the size of the saturation magnetization (it is hereafter described as Msf) of a 
microwave ferrite, the sizes of the saturation magnetization (it is hereafter described as Msm) of 
a permanent magnet, and those ratios may turn into operating frequency. 
[0008] In order to maintain the performance excellent in the temperature requirement with a 
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large non-reciprocal circuit element even if environmental temperature changes, it is important 
to cope with it so that a frequency of operation may seldom be changed. 
[0009] From this viewpoint, it divided roughly into the temperature compensation of the 
conventional non-reciprocal circuit element, and there was the method of two kinds of a cure 
and management in it. That is, the 1st method is making it each temperature coefficient of Msf 
and Msm become small. 

[0010] For example, it is the method of adopting the permanent magnet of the high metal system 
of Curie temperature, for example, a rare earth permanent magnet, in order to lessen change of 
Msm, adjusting the magnetic reluctance of a direct-current magnetic circuit combining magnetic 
shunt steel further, and performing more exact temperature compensation at the same time it 
adopts the microwave ferrite of a Gd substitution type YIG system and the change to the 
temperature of Msf chooses the material of few composition, in order to make Msf small. 
[0011] The cure by such method is shown in for example, the Provisional-Publication-No. 50 No. 
31400 official report per year, or the Provisional-Publication-No. 57 No. 42544 official report per 
year. When based on this method, a permanent magnet expensive naturally and expensive 
magnetic shunt steel will be used. 

[0012] Then, what it was considered whether could use a ferrite magnet as a cheaper permanent 
magnet is the 2nd method. Since Curie temperature is lower than a metal system magnet, a 
ferrite magnet cannot be said for the temperature coefficient of Msm to be not necessarily small 
with being known well. However, if the temperature coefficient of Msf and the temperature 
coefficient of Msm are sizes of the same grade, even if environmental temperature will change, 
the frequency of operation has been prevented from changing not much. 
[0013] Therefore, choosing and combining a microwave ferrite and the material of a ferrite 
magnet so that the temperature coefficient of Msf and the temperature coefficient of Msm may 
serve as a size of the same grade was performed, if this puts in another way — the ratio of the 
size of the saturation magnetization (Msf) of a microwave ferrite, and the generating magnetic 
field strength of a permanent magnet — always — fixed — making . 

[0014] However, even if it was the non-reciprocal circuit element which must fully have carried 
out temperature compensation by the 2nd method of the above, when the insertion loss of the 
element and the temperature characteristic of center frequency were seen, it tended to become 
a value inadequate except an ordinary temperature region. 

[0015] That is, it was not easy to offer the non-reciprocal circuit element which always had few 
insertion losses and was excellent in the temperature stability of a frequency of operation to 
change of environmental temperature. 
[0016] 

[Problem(s) to be Solved by the Invention] Then, the technical problem which this invention 
tends to solve is at least one of the technical problems enumerated below. 

(1) the temperature field where the offer (2) frequency of operation of the non-reciprocal circuit 
element the insertion loss continued and excelled [ element ] in the large temperature field is 
large — continuing — offer (3) of a stable non-reciprocal circuit element — a large temperature 
field — continuing — a temperature field large excellent [ an insertion loss ] — continuing — 
offer (4) of a non-reciprocal circuit element with a stable frequency of operation — offer of a 
magnetic material to which it is cheap and the highly reliable offer (5) above-mentioned technical 
problem of a non-reciprocal circuit element solves any one 

(6) Offer of the compensation method of the temperature characteristic that the above- 
mentioned technical problem solves any one easily at least. 
[001 7] 

[Means for Solving the Problem] In order to solve an above-mentioned technical problem, this 
invention persons hit on an idea wholeheartedly to the new method of compensating the 
magnetic material for obtaining the non-reciprocal circuit element which has improved 
composition remarkably, or this non-reciprocal circuit element, or the temperature characteristic 
of this non-reciprocal circuit element as a result of research. 

[0018] That is, the 1st invention is a non-reciprocal circuit element which operates by the 
magnetic field higher than a ferromagnetic-resonance magnetic field, and is the non-reciprocal 
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circuit element which the value of the ratio (Msm/Msf) of the saturation magnetization (Msm) of 
a permanent magnet and the saturation magnetization (Msf) of a microwave ferrite constituted 
also in any by the side of low temperature and an elevated temperature so that it might become 
size from the time of ordinary temperature. 

[0019] The greatest feature of this invention is in the place where supposing that it is 
conventionally fixed made the value of Msm/Msf considered to be the best larger than the value 
in ordinary temperature not only at a low temperature side but at the elevated-temperature side. 
Even if it makes only the value of Msm/Msf near ordinary temperature small, it is the same as a 
result. 

[0020] By considering as such composition, low loss and a thing non-reciprocal circuit element 
with little frequency-of-operation change are obtained by the large temperature requirement. 
That is, since it leads to the fast improvement in the guarantee specification of the non- 
reciprocal circuit element concerned, the place which contributes is size very much. 
[0021] In addition, although it is needless to say, since the non-reciprocal circuit element 
completed as parts is the thing of one, it cannot take the separate part composition which was 
suitable for each in three sorts of temperature zone regions near ordinary temperature a low 
temperature and elevated-temperature side. 

[0022] The following facts are considered to involve intricately although it is not necessarily 
theoretically clear about the reason composition like the 1st invention also by artificers' 
examination result is effective. 

[0023] The permeance of a magnetic circuit should change with the temperature characteristics 
and coefficient of thermal expansion of permeability of the MAG yoke made from Fe. For the size 
of the imaginary part (usually described as mu+") which generally expresses loss of the 
permeability to the clockwise circularly-polarized wave of tensor permeability, the more 
impression magnetic field strength separates from the magnetic field which starts a 
ferromagnetic resonance, the more this is a bird clapper small. Loss in the permanent magnet of 
the microwave revealed or spread in a permanent magnet should change with environmental 
temperature. 

[0024] Setting to this invention, for ordinary temperature, a temperature [ of about 20 degrees 
C ] and low temperature side is [ about ]. -40-degree-C or more temperature [ of 10 degrees C 
or less ] and elevated-temperature side is 100 degrees C or less in about 40-degree-C or more 
temperature. 

[0025] This application the 2nd invention considers the content of the 1 st invention of a **** as 
still more concrete composition. A permanent magnet and the principal component which is a 
magnetic yoke the 2nd invention Namely, an iron metal case, The microwave ferrite to which the 
magnetic flux of this permanent magnet is impressed, and two or more striplines arranged near 
[ a microwave ferrite ] this, It is the non-reciprocal circuit element which has the capacity 
element electrically connected to this stripline. the temperature coefficient of the saturation 
magnetization (Msf) of the aforementioned microwave ferrite - Average in 40 Degrees C - 20 
Degrees C Temperature Field is 0%/Degree-C~Alpha%/** (however, Temperature Coefficient 
[ in / -40 Degrees C - 20 Degrees C of Saturation Magnetization (Msm) of the Aforementioned 
Permanent Magnet / in Alpha ]). And it is the non-reciprocal circuit element constituted so that 
the average in a 60 degrees C - 100 degrees C temperature field might be %(1 .5xbeta)/**- 
(1.9xbeta) %/** (however, temperature coefficient [ in / 60 degrees C - 100 degrees C of the 
saturation magnetization (Msm) of the aforementioned permanent magnet / in beta ]). 
[0026] In this invention, it is "permanent magnet and - non-reciprocal circuit element of the 
beginning, and the portion of " is the general composition of the conventional concentrated- 
constant type non-reciprocal circuit element. Therefore, this portion may be composition besides 
analogous. A stripline is a central conductor and, in the case of 3 terminal circulator or 3 
terminal isolator, it consists of three. 

[0027] Although a capacity element is a capacitor in short, the latest thing has many tipped 
types and things of ceramic substrate combination. The function usually has the function of 
impedance matching, and a function as a microwave filter. 

[0028] Moreover, the average [ in / a -40 degrees C - 20 degrees C field / in the temperature 
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coefficient of saturation magnetization ] is given by x(/(Ms20-Ms-40) Ms 20/60) 100, and the 
average in a 60 degrees C - 100 degrees C field is similarly given by x(/(Ms100-Ms60) Ms 20/40) 
100 (a unit is %/**.). Each number with the lower right of Ms shows temperature, for example, 
Ms-40 show the saturation magnetization in -40 degrees C. 60 in a formula and 40 are the 
temperature width of face (unit **) of the temperature field concerned. It is a thing. The value of 
these saturation magnetization and the temperature characteristic of saturation magnetization 
can be easily measured correctly with an oscillating sample type magnetometer (VSM). 
[0029] If this is expressed to one drawing when this invention is expressed from another 
viewpoint, and each temperature characteristic of Msf of a permanent magnet and a microwave 
ferrite is standardized with the value in those 20 degrees C, respectively, those temperature 
characteristic lines mean a bird clapper in the relation of two curves which touch mutually near 
ordinary temperature and have the temperature characteristic line of a microwave ferrite inside 
it of a permanent magnet. 

[0030] If the concrete inclination of the temperature characteristic is shown about the case 
where made the permanent magnet of invention of the above 2nd into the ferrite magnet, and a 
microwave ferrite is made into a garnet ferrite, it will become this application the 3rd invention. 
[0031] A permanent magnet and the principal component which is a magnetic yoke this 
application the 3rd invention Namely, an iron metal case, The garnet ferrite to which the 
magnetic flux of this permanent magnet is impressed, and two or more central conductors 
arranged near [ garnet ferrite ] this, It is the non-reciprocal circuit element which has the 
capacitative element electrically connected to this central conductor. The aforementioned 
permanent magnet is a ferrite magnet, and the average [ in / a -40 degrees C - 20 degrees C 
temperature field / in the temperature coefficient of the saturation magnetization (Msf) of the 
aforementioned garnet ferrite ] is 0% //degree C / - -0.18%/degree C. And it is the non- 
reciprocal circuit element constituted so that the average in a 60 degrees C - 100 degrees C 
temperature field might be -0.27% [/degree C ] - -0.34%/degree C. 

[0032] In this invention, if a ferrite magnet is Sr ferrite, in addition, it is good. Compared with a 
metal magnet, specific resistance of a ferrite magnet is large, and it is effective in lessening loss 
by the high frequency band. If this is furthermore Sr ferrite magnet, compared with Ba ferrite, the 
linearity of the temperature characteristic of Msm is excellent, and a temperature coefficient is 
[ about ]. -While being 0.18%/degree C, it is usable at a latus temperature requirement. 
[0033] Moreover, if a garnet ferrite is Gd-calcium-V-ln substitution type YIG, in addition, it is 
good. **H (resonance absorption half-value width) related to loss of a garnet is small — in 
addition, it is because the application range spreads since the material of the temperature 
coefficient specified to this paragraph can create easily and the setting range of the realization 
possibility of, i.e., a frequency of operation, becomes large about various values of Msf of 
ordinary temperature 

[0034] However, it is fully possible to realize the temperature coefficient specified to this 
paragraph also by Gd substitution type garnet, although the value of Msf of ordinary temperature 
has restrictions a little. It cannot be overemphasized that you may be the garnet of other 
systems. 

[0035] Although invented based on this knowledge, one is the garnet ferrite of Gd-calcium-VHn 
substitution type YIG of invention of this application 4th. That is, this application the 4th 
invention is a magnetic material which is expressed with empirical-formula GdzY3~2 x- 
zCa2xFe2-ylnyFe3-xVx012, and satisfies 0< x<=0.7, 0.25< y<=0.4, and 0.35<=z<=2.0. 
[0036] If this magnetic material is applied to this application 1~3rd invention, the non-reciprocal 
circuit element excellent in the temperature characteristic of an insertion loss or a frequency of 
operation will be obtained. 

[0037] For this application the 5th invention, a technical content is common in the 1 st invention 
about a method. That is, this application the 5th invention is the method of compensating the 
temperature characteristic of a non-reciprocal circuit element which operates by the magnetic 
field higher than a ferromagnetic-resonance magnetic field, and the value of the ratio (Msm/Msf) 
of the saturation magnetization (Msm) of a permanent magnet and the saturation magnetization 
(Msf) of a microwave ferrite is the method of compensating the temperature characteristic of 
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the non-reciprocal circuit element it is made to serve as size from the time of ordinary 
temperature also in any by the side of low temperature and an elevated temperature. 
[0038] 

[Embodiments of the Invention] Drawing 1 is the decomposition perspective diagram of an 
isolator in this case of the typical non-reciprocal circuit element for explaining this invention. 
Since drawin g 1 is typically drawn in order to secure visibility, it is not exact about a scale or 
configuration of each part. 

[0039] The outline about the portion which is common for the concentrated-constant type non- 
reciprocal circuit element of a conventional type among the structures of a non-reciprocal 
circuit element first is as follows when for example, the object for mobile communications is 
explained to an example based on drawing 1 . However, it cannot be overemphasized that you 
may be various isolators and circulators other than the type of drawing 1 . 
[0040] The magnetic yoke under iron is fixed to the insulating substrate which has an external 
terminal electrode, a copper grounded plate (an ellipsis is possible) is soldered to this, the 
grounding section of a central conductor is soldered on it, and a disc-like microwave ferrite is 
fixed on it (for example, heating adhesion is carried out by the resin), and one terminal of the 
stripline section of the above-mentioned central conductor is bent so that the above-mentioned 
microwave ferrite may be wrapped. Then, other one terminal of the above-mentioned central 
conductor is bent similarly, and an insulating film (not shown) is inserted between previous 
terminals. The terminal which repeated the same procedure and remained is inserted in. 
[0041] What fixed the disc-like permanent magnet to the magnetic yoke after preparing 
beforehand, magnetized the (for example, the method of carrying out heating adhesion by the 
resin may be used) permanent magnet to this with the direct-current electromagnet, and 
adjusted magnetism to it is inserted in. 

[0042] Moreover, the extension section from the stripline section of the above-mentioned 
central conductor is made to connect to the I/O external terminal prepared in the above- 
mentioned insulating substrate. Furthermore between the extension section from the stripline 
section of the above-mentioned central conductor, and the above-mentioned grounded plate, the 
chip capacitor for adjustment is inserted, and it connects. It replaces with a chip capacitor and 
there is also a method using the dielectric substrate of a ceramic. 

[0043] Thus, by tuning the generating magnetism of the above-mentioned permanent magnet 
finely, the created non-reciprocal circuit element is correctly set up so that it may become a 
desired frequency of operation. 

[0044] In addition, the number of the above-mentioned input/output terminals is three here, and 
one of pieces of it can create arrangement which is connected to a grounded plate through a 
resistance element, then the isolator which makes two pieces which remained an input terminal 
and an output terminal. 

[0045] Next, the outline is explained about the gestalt of operation of the invention in this 
application. What is necessary is to measure an above-mentioned permanent magnet, the 
saturation magnetization (Msm) of a microwave ferrite, and the temperature characteristic of 
(Msf), respectively, to compare in quest of the temperature coefficient of those predetermined 
temperature fields, to select the thing in the predetermined range, and just to consider as a non- 
reciprocal circuit element using the material chosen as a result of the selection. 
[0046] Or what is necessary is to adopt Sr ferrite magnet for a ferrite magnet still more desirably 
especially, to adopt a garnet ferrite and the garnet-ferrite material which has still more desirable 
predetermined composition especially as a microwave ferrite as a permanent magnet, and just to 
consider as a non-reciprocal circuit element using these. 

[0047] The detail of the invention in this application is explained based on an example below. 
[Example] (Example 1) An example 1 is related with the experiment which performed each 
temperature coefficient of the saturation magnetization of various Gd-calcium-V-ln substitution 
type YIG, and the relation with the insertion loss of a non-reciprocal circuit element and the 
temperature characteristic of a frequency of operation which were created using them as an 
anisotropy Sr ferrite magnet and a microwave ferrite as a permanent magnet to the well to 
clarify. 
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[0048] The commercial anisotropy Sr ferrite-magnet disk was prepared first. The temperature 
characteristic of the saturation magnetization (Msm) was measured using VSM. Furthermore as a 
microwave ferrite, the material of the various amounts of substitution of Gd-calcium-V-ln 
substitution type YIG was created, and what was processed into disc-like was prepared. The 
temperature characteristic of these saturation magnetization (Msf) was also measured using 
VSM. 

[0049] The creation procedure of the above-mentioned Gd-calcium-V-ln substitution type YIG 
is as follows. All prepared the powder of Gd203 of a special grade chemical, CaC03 t V205, 
In203, Y203, and Fe203 in commercial elegance. 

[0050] Furthermore, after carrying out weighing capacity of the powder prepared above and 
mixing in ethyl alcohol for 24 hours using a ball mill so that it may become the composition which 
carried out zero to 0.7, and y by zero to 0.6, and z made carry out various change of x of 
empirical-formula GdzY3-2 x-zCa2xFe2-ylnyFe3-xVx01 2, and y and z within the limits of 0-2, x 
was dried and cracked and obtained mixed powder, respectively. 

[0051] In the case made from a ceramic, temporary quenching of these mixed powder was 
carried out in 2 hours and 1000-degree-C air atmosphere, and it was taken as temporary- 
quenching powder. This temporary-quenching powder was ground in ethyl alcohol for 24 hours 
using the ball mill after a crack. The considerable amount was added 1% of the weight, it corned, 
and polyvinyl alcohol solution of 10% of concentration is made into a solid content, and raw 
material granulatio took [ the particle size regulation was carried out and ] after drying this. 
[0052] Metal mold was filled up with the raw material granulatio which carried out [ above- 
mentioned ] creation, and the Plastic solid disc-like by about 100 MPa(s) was obtained by the 
dry type compression moulding technique by the hydraulic press. These Plastic solids were 
calcinated in 1 270-degree-C oxygen atmosphere for 3 hours, and were taken as the baking 
object. These baking objects gave polish processing to the periphery and the vertical side, and 
made it the microwave ferrite for non-reciprocal circuit elements. 

[0053] In addition, when these baking objects were separately checked with the X-ray diffraction 
method, they were garnet single phase mostly, as other basic properties — Msf in ordinary 
temperature 50-1 30mT — it is — moreover, ferromagnetic-resonance half-value-width **H 

— the thing of 560 - 6,900 A/m (however, most samples within the limits of 1,800 - 2,100 A/m) 

— various profit **** 

[0054] The temperature characteristic of an insertion loss was measured about what was 
adjusted so that might combine the permanent magnet prepared above and various microwave 
ferrites, a non-reciprocal circuit element might be created in the usual way, and an insertion loss 
might serve as the minimum in the ordinary temperature of 20 degrees C and a frequency of 
operation might be set to about 300MHz. A measuring instrument and system of measurement 
are based on the their original work fixture which serves as a thermostat and a network analyzer 
from the cable adjusted correctly and an end-connection child. 

[0055] In addition, the insertion loss of a non-reciprocal circuit element and the point of 
measurement of a frequency of operation could be -10 degrees C, 20 degrees C. and 80 degrees 
C. - 10 degrees C is [ ordinary temperature and 80 degrees C of the temperature of a -40 
degrees C - 20 degrees C midpoint and 20 degrees C ] the temperature of a 60 degrees C - 100 
degrees C midpoint. 

[0056] Moreover, 300MHz of frequency is because the low frequency is more advantageous in 
order to make a judgment exact although it belongs to a low frequency band most, considering a 
use. It checked by about 2GHz separately, and the justification of the judgment has been 
checked. That is, at least 2GHz is a book. 

[0057] The result measured as mentioned above is shown in drawing 2 . Drawin g 2 is the value of 
the 80-degree C insertion loss of each isolator created using the temperature coefficients 
(however, average of 60 degrees C - 100 degrees C) and these microwave ferrites of saturation 
magnetization (Msf) of various microwave ferrites, and each permanent magnet used at this time 
is Sr ferrite (the average of 60 degrees C - 100 degrees C of a temperature coefficient is 
0.19%/degree C). 

[0058] According to drawin g 2 , if the value of an insertion loss has the temperature coefficient 
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(however, average of 60 degrees C - 100 degrees C) of the saturation magnetization (Msf) of a 
microwave ferrite within the limits of -0.27 — 0.34, it is very small, namely, has become 0.2dB or 
less. 

[0059] Furthermore, when the above-mentioned temperature coefficient is near 0%/degree C, 
and when the above-mentioned temperature coefficient is near -0.1 9%/degree C, an insertion 
loss is 0.25dB or more, although what should be observed is not a bad value, I hear that it cannot 
say either of the cases as the best, and it has them. 

[0060] The examination result by the side of the low temperature measured similarly is shown in 
drawing 3 . D rawing 3 is the temperature coefficient (however, average of -40 degrees C - 20 
degrees C) of the saturation magnetization (Msf) of various microwave ferrites, and the value of 
the -10-degree C insertion loss of each isolator created using these microwave ferrites, and the 
-40 degrees C - 20 degrees C average of the temperature coefficient of the permanent magnet 
Sr ferrite used at this time is 0.18%/degree C. 

[0061] If the value of the insertion loss [ according to drawin g 3 ] in -10 degrees C is in within 
the limits whose temperature coefficient (however, average of -40 degrees C - 20 degrees C) of 
the saturation magnetization (Msf) of a microwave ferrite is 0 — 0.18%/degree C, it is very small, 
namely, has become 0.2dB or less. 

[0062] What should be observed further here is having the optimum point in the position where 
the above-mentioned temperature coefficient's differs from the optimum point in a previous 
temperature coefficient (60-100 degrees C). When the case of 0%/degree C or more and the 
above-mentioned temperature coefficient are -0.1 9%/degree C or less, it is 0.2dB or more, and 
although an insertion loss is not a bad value, it can say neither of the cases as the best. 
[0063] Drawing 4 and drawin g 5 are as a result of [ which made the place of an insertion loss the 
variation of a frequency of operation under the same conditions as the examination in drawin g 2 
and drawing 3 ] evaluation. It is shown that the frequency of operation low-frequency-ized the 
negative sign, the temperature coefficient (average of 60 degrees C - 100 degrees C) of Msf 
from which the variation of the frequency of operation in 80 degrees C on the basis of 20 
degrees C is set to less than 5MHz according to drawing 4 — about — it is -0.23 — 0.36%/degree 
C 

[0064] Moreover, the temperature coefficient (average of -40 degrees C - 20 degrees C) of Msf 
from which the variation of the frequency of operation in -10 degrees C on the basis of 20 
degrees C is set to less than 5MHz according to drawing 5 is [ about ]. -It is 0.4 - +0.02%/degree 
C. 

[0065] Even if the point which should be noted from drawing 4 and the fact shown in 5 makes in 
agreement simply the temperature coefficient of a permanent magnet and the temperature 
coefficient of a microwave ferrite, an ideal temperature compensation is compensating so that 
the saturation magnetization of a ferrite may become less than the point which was an 
established theory conventionally more in a difficult thing, especially low temperature side. 
[0066] When drawin g 2 - drawin g 5 are furthermore judged synthetically, the temperature 
coefficient of the microwave ferrite for obtaining a non-reciprocal circuit [ with few / and / 
insertion losses ] element with little variation of a frequency of operation is 0 - 0.18%/degree C 
at an elevated-temperature side (60-100 degrees C) in a -0.27 — 0.34%/degree-C and low 
temperature side (-40-20 degrees C). 

[0067] (Example 2) Next, it investigated in detail about the relation between each value of x, and 
y and z which is the atomic ratio of each element component of Gd-calcium-V-ln substitution 
type YIG which is the garnet type microwave ferrite used in the example 1, and the above- 
mentioned temperature coefficient. The result is shown below. 

[0068] What is necessary is just to perform it as follows, in order to make it the average in the 
temperature field which the average [ in / a -40 degrees C - 20 degrees C temperature field / 
for the temperature coefficient of the saturation magnetization (Msf) of Gd-calcium-V-ln 
substitution type YIG ] is 0% //degree C / - -0.18%/degree C, and is 60 degrees C - 100 
degrees C become degree C in -0.27% //degree C / - -0.34% /. 

[0069] Namely, empirical-formula GdzY3-2 x-zCa2xFe2-ylnyFe3-xVxO!2 What is necessary is 
just to consider as 0< x<=0.7, 0.25< y<=0.4, and the composition with which are satisfied of 
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0.35<=z<=1.6. 

[0070] However, although above-mentioned conditions will be fulfilled if it says only within a 
temperature coefficient even if it is x> 0.7 and z< 0.35, sintering progresses superfluously in this 
case and it does not become the material of low loss. Moreover, in y<=0.25, since crystal grain 
becomes detailed, it does not become low loss. In y>=0.4, the temperature coefficient by the side 
of low temperature serves as negative, it is not suitable, sintering progresses superfluously, and 
loss is worsened. The temperature coefficient by the side of low temperature becomes excessive 
[ the temperature coefficient by the side of an elevated temperature ] at excess and z> 1 .6, and 
is not desirable at z< 0.35. 

[0071] For example, **** when being referred to as empirical-formula 

Gd0.8Y1.2calcium1Fe1.7ln0.3Fe2.5V0.5O1 2, x= 0.5 [ i.e., ], y= 0.3, and z= 0.8 became as follows. 
About the microwave ferrite, 20-degree C saturation magnetization (Msf) was 75mT(s), and 
ferromagnetic-resonance-absorption half-value width (**H) was 1240 A/m. The temperature 
coefficient was -0.29%/degree C by -40 degrees C - 20 degrees C at -0.17% /and 60 degrees C 
- 100 degrees C degree C in -0.15% /and about 20 degrees C degree C. 
[0072] About the non-reciprocal circuit element created using this microwave ferrite, the 
insertion loss was 0.1 8dB at 0.1 7dB and 80 degrees C in 0.1 9dB and 20 degrees C by -10 
degrees C, and the frequency of operation was 330MHz at 329MHz and 80 degrees C in 330MHz 
and 20 degrees C by -10 degrees C. 

[0073] (Example 3) Both the anisotropy Ba ferrite magnet the isotropic samarium cobalt system 
magnet and the isotropic Nd-Fe-B system magnet changed the place of Sr ferrite magnet of an 
example 1 to commercial elegance, and the same examination as an example 1 was performed. 
However, about the isotropic samarium cobalt system magnet and the isotropic Nd-Fe-B system 
magnet, it considered as disc-like [ thinner than a ferrite magnet ] for frequency-of-operation 
adjustment. 

[0074] When the temperature characteristic of the saturation magnetization (Msm) of each 
magnet was measured using VSM, change of the temperature coefficient by temperature had 
little any material, and the anisotropy Ba ferrite magnet was [ -0.04%/degree C and the isotropic 
Nd-Fe-B system magnet of -0.19%/degree C and the isotropic samarium cobalt system magnet ] 
-0.12%/degree C. 

[0075] When asked for the optimal temperature coefficient of a microwave ferrite like the 
example 1, about the anisotropy Ba ferrite magnet, the almost same result as an example 1 was 
obtained. About the isotropic samarium cobalt system magnet, -0.6 — 0.8%/degree C was the 
optimal in the low temperature side (-40-20 degrees C) at the 0— 0.4%/degree-C and elevated- 
temperature side (60-100 degrees C). About the isotropic Nd-Fe-B system magnet, -0.17— 
0.23%/degree C was the optimal in the low temperature side at the 0—0.1 2%/degree-C and 
elevated-temperature side. 

[0076] According to the above result, the optimal range of the temperature coefficient of the 
microwave ferrite for non-reciprocal circuit elements is decided by the ratio with the 
temperature coefficient of a permanent magnet. - As for 40 degrees C - 20 degree-C 
temperature coefficient, 0-alpha%/** and 60 degrees C - 100 degree-C temperature coefficient 
were found by that %(1.5xbeta)/** - (1.9xbeta) %/** is an optimum (however, temperature 
coefficient [ in / this temperature region of the saturation magnetization (Msm) of a permanent 
magnet / in alpha and beta ]). 

[0077] (Example 4) It checked like [ case / where both Gd substitution type YIG and an 
aluminum substitution Co dope type nickel system spinel ferrite change the place of Gd- 
calcium-V-ln substitution type YIG of an example 3 to the commercial elegance of the various 
amounts of substitution about the relation of the optimum-temperature coefficient made clear in 
the example 3 ] the example 3. Consequently, the above and this conclusion were obtained. 
[0078] Furthermore, in order to change a setup of a frequency of operation, when the saturation 
magnetization (Msf) of strength and a microwave ferrite chose the material of larger composition 
and made the impression magnetic field to a microwave ferrite as an experiment, it checked that 
at least 2GHz did not have change in the above-mentioned conclusion. 
[0079] In addition, the structure of a non-reciprocal circuit element shall differ from the 
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structure shown in drawing 1 the following point in this trial production, a lower magnetic yoke — 
abbreviation — it presupposed that it is monotonous, and the upper magnetic yoke was made 
into the enclosed type which has a pore, it prepared the pin terminal in the pore and made it the 
input/output terminal The insulating substrate omitted. The capacity of a capacitor and the 
power-proof nature of a resistance element were changed. 
[0080] 

[Effect of the Invention] As explained to the detail above, according to this invention, it became 
possible to offer the non-reciprocal circuit element which made it low loss and was excellent in 
the temperature characteristic of loss or a frequency of operation. Or offer of the microwave 
ferrite for these non-reciprocal circuit elements was attained. Or it was able to be made ideal 
and the new temperature-compensation method was able to be offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective diagram view of a **** non-reciprocal circuit 
element at one example of this invention. 

[ Drawing 2] It is drawing which explains the property of a **** example to this invention. 
[Drawing 3 ] It is drawing which explains the property of an example besides **** to this 
invention. 

[Drawin g 4] this invention — **** — it is drawing explaining the property of another example 
[Drawing 5] It is drawing which explains the property of **** and another example to this 
invention. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 




[Drawing 2] 
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<b (Msf) 0)^g^»fi-4O o C-2 0 o C(D;gJSIil^ 

(cfcit£¥i*)fli*<o%/ o c — o. 1 8%/°c-efcy. 



O. 2 7%/°C~-0. 3 4%/°CT*fc£J:-5lCfiSj£L 
[003 2] CtD^I-fctNT, 3?x5«< KflBffiliS r 

m^-efctlliB a 7i7^f MC&^T. Ms.OiStK 
[0 0 3 3] hl7i7-f M*Gd-C 

/*prfife-c*y. *ro. «;a<7>Msf(Dflis«^j6apr 

[0 0 3 4] fc/£U Gd««S#-*^ K-et*«lC 

[0 0 3 5] ^**DflS«lC*WLfcta><0 1 O*^ 
^^^4CD^B^(7>G d - C a - V- I nS&£J Y I G CO 

El±. MjtGdzY3-2x- z Ca2xFe2- y I nyFea-x 
VxOi2"Ca£*U fro. 0<xS0. 7. 0. 25< 
y^O. 4. 0. 35^2^2. 0 £&if ***4 

[0 0 3 6] Ca>«ttt*r«S*B*1 -3<D*5B(Cjgffl 

[0037] *mm5<D§zwit. ^mzmmovib 

nffr«*waiBBX7a)aamifr4tflir«AS-cft 
or. *^»5<z>fiSi»^b (Msm) 

^-f hO>fi?nBMb (Msf) (Dit (MsmXMsf) COfil 

^ it «: j: 5 r c-r praBB*^a>a*»tt *««-r 

[O O 3 8] 

[»na>iiiBa>»a] nit *«6w*uiwr«fc^ 
(7). ftawft^praiSBiR^a). coa^iir-r vu- 
^<D»»»aiar-**o nil*. aistt*it«-r4fc*> 

[0039] s-rifpraBB^cDfltaax^. 

*+S»S*BJiS@B*^4!:*ii-r*tt»lzotxT(0« 
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[oo4o] ft&&*m&&m?z>t&m&m~&m<DT 

^ttlfU ^<D±(:iRffitt(7>-?*f'?Q;&;7x^-< h£@ 
[0 0 4 2] *fc % ±tB+ik»{*<7>X h u ^^-r>gp 

-So 

[0 0 4 3] CO) J: 5 1" LrfffiRLfclfpTiSllBiRiF-l* 
[0 0 4 4] fcfc\ CClZ±|BAtb^5S^^3<i-Cfco 

[0 0 4 5] ^|C*|S^B^CD||ffi<7)^S|-OtNT^a)^ 

ho>ttfatt4b (Msm) . (Msf) a>s&l$tt***i-e 

[0 0 4 6] fc£lM4 % KlcttAABCj: Lt7i7^f 
h*B5£. **>l::a*L< (is r T7x^-f h&S^JB 

[0047] BiTrz*B*wa>»«i*stit«ic»r5i^r 

BX?a>ffAB**afM2ftfta>*fttttt&a>BK£B 
[oo4 8] £-rrtrg5<7>fi;st£s r ^x^-r h&BRffi 



^mfilLtco ?0>tt9QflMb (Msm) (DigJtftfiliVS 
TliGd-Ca-V- I nlft^Y I GtD&HfifilSa) 

^omuvut (Msf) <z>aa»itt. vsMSiot 

[0 0 4 9] llSGd-Ca-V- I nlftSY I GO) 

^0)Gd2O3 t CaC03, V2O5. I n203. Y 
2O3. fcJ:tfFe2030»**ffl*Lfco 

[OO 5 0] Sbl^ $B/i£iEG dz Y3-2x- z Ca2xFe 
2- y I n y Fe3-x VxOi2 C/) x , y H z ^-ttt-ftt* x 14 
0-0. 7. y 14 0 — 0. 6. zf4O~2 0>eHl*)'C& 

BKft£«fclMt&tt«J:5i:: % ±Bi::»*Lfctt3fcS 
[005 1] Ztit><Dfe<g®\t, ■te^S***®*— A 

4>r% 1 ooo°c2B5fHk *«»H»+izrfi«Lrc 
[0052] ±ttitmLtzmm%L&$Lm\zitmL. a 

E^UXfZcfc^ft^jtaSia^fCcfcy. Jftl OOMPa 

-en«tta>tfflstt*»*:o cft£<Dj*fl*{*i4. 1270 

t:*«»BJR+-e3B«y|**LT*J«*fcLfc 0 
©**f*f4nHte<fctf±T®lzPB/iDX*lliLr*pja 

[0 0 5 3] ftfc. c4x«b©«flti*l4giJjftX«lEl»r;i-C 

©**fttti: Lt, 35;£T*a>Msfl45 O-l 3 0mT 
Tffcy. £f~&*at£#lS#ffi^AHl45 6 0-6, 9 0 
O A/m (fc/£L**(DH*4l4l , 8 0 0-2, 1 00 

[0054] fii±ic»BLfc*A«5t#B^^r^pa 

^x^-f hi Btt0>S«T*#Rr£BR* 
^£ftj£U «S2 0°cicr. ffABfttfS'hi&yftt 
H*»*<fc «|:f300MHzi64J:5 fcfflfi L 
fctflDlcoivc. »A»5fe<D«flM#ttSBSLfc. 
Bfe<l:tfBCXI4. BBBt*^ hr7— 9T^^if 
t. jEBlzBBLfc^r- ^uiBBB^^ttftgft^ 

[0 0 5 5] ttfc. »qrBBB»70)BABftJ3J:i;B 

tt«*»a>*Sj&ii- 1 o°c. 2o°c. sotafc, 

-1 O°CI4-4O°C-2O°CC0^rBl^^Jt. 20°Cf4 
8 0°C(4 6 0°C- 1 O O^CD + PiBjSaSlKT?* 

-So 

[0056] *fc % J3&&0>3 0 OMH z!4. 

r*i*t«L^Baa*irBr«*^ flKSjEMc-r « 



( 6 ) 



*>'Ptt< ^ t 2 G H z ItlW^TOM^b^^ 

[0 0 5 7] &±<D±5\ZLxmj£Ltzt£g:&m2\Z7jk 
-to S2li&fl*7>f ^P;^i7< hOtSfOffilb (Ms 
f) <D;£Jg<I& (*:*:L6 0 0 C~1 0 0°C(D¥^fiI) 

fr-Pftcor -f v u— ^ o 8 o °cx<r>W\m£L<nfcxfo 

(;£Jg^S&tf>6 0°C~ 1 0 0°C<7>¥^)fiili, O. 19% 

[oo5 8] m2\z&fr\z. m Am&omte^-oafc 
yjL^j h<D&m&it (Msf) (fcf£L6 

0°C~ 1 O 0°C<£>¥£jffi) 7b<-0. 27 — O. 340 

[0 0 5 9] SS^^C -hiH;£Jt<&& 

*<0%^ o C^aficD^fcJ:t/±tB;^^^-0. 1 9 
^ttCDli^ttf AS^A<0. 2 5 

[ooeo] mmzLxm^Ltzis.umxcD^m^m^ 

<b (Msf) CD;£j£<&!& (*:f::L-4 0°C~2 0°CCD¥ 

L«tlftlO)7-fVL/-'$'^-1 0 o CT*£>|fAtl£:<Z) 

<&gfc<7>- 4 0°C~2 0°C-e(D^^lfilli. O. 18%/ 
°C) T-fe^>o 

[006 1 ] 03l::J:*lli. -1 0°CICfclt^»A«^: 
COflli^-f^P^^x^-f hOlSffiiS^b (Msf) CD;S 

fk&M (tztzL-4 0°C~2 0°C<7)¥^jfil) tfO* 

0. 1 8%/°C(7)lBS^^^ttf^^-C/h^ < . 
*>0. 2dBiaT < !:^otL>^ 0 

[006 2] CCTr^lcag^^C^li. JifB^jt 

m$Lrf$t<D)&mmm (6o~i oo°o xomm&tm 
te&itmzmM& : £ : £'?&ztxfo&o o%/- o cju-ta> 
m-a>t5&v±tv&mmm<- o . i 9%/ o ciuT<z>ii^ 

[0063] 14, H5lig!2. g)3lrfc(t£Etrt£|^ 

mm&mx&Zo n^itmftmmmmm&itLtzz t 

sf<D)&I&m&(6 0°C~ 1 0 O°C0)¥^fS)(i. fc<*:-^ 
-O. 2 3 O. 3 6%/°Ct*fe|)o 

[0064] 3Ltzm5lZ£tl\t. 2o°c&mmt[^tz- 

1 0°Cl^fcIt^)i!l^^^(0^<ba^5MH zliltottfi 



^^9^Msf0;SgM(-4O°C-2 0°C0)¥i$)fil) 
li. fccfc-^-O. 4-+0. 0 2%/ 0 Ct'fc§o 
[0065] H4, 5lZ7rL^H^^;*ier-<^^ 

m&t zmmz-Rzi+x ^mmtftu^mtii mitmnx 
&z>zt. tt\zm&mx\t'&&mmx&^tz&£v 

h<D&ttmittf£V&te<te%£o\z&mT'< 

$X&Z>ZtX&Z> 0 

[oo66] 2t>\zm2~ms$;&<&mzm%i-?z>t. 

tetBlftm+ZmZtzftCDV* <7 n:=,^( hO>;£lHS 

%Llt. M^lM (60-1 00°C) X-O. 27 — O. 
3 4%X°C. i&^M (-40-2 0°C) T*O~0. 1 8 

%/°c-e$>6o 

[oo6 7] mmm2) &\z, mmmi xmi^tzis- 

*v h^*7-T ^7P;^37x^-< htrfc^>G d-C a - V- 

z o&m.tw&^m.%WLt<»Mmz^xmm\zm'< 

tzo "tCD&m&VLTlZTjk'to 

[0068] Gd-Ca-V-I nIMY I GCDf&ft] 
Bit (Msf) <Z>;^Jg&&£-4 0°C~2 0°C(Z);E£fii 
i^C&Mt£¥J$fttf 0%/°C~-0. 1 8%/°c-e& 

y, *o6o°c~i o o°c<D}&&mmzt$i+z>¥&imtf 

-0. 2 7%/°C 0. 3 4Vo/°CtU%>&o\Z-tZ> 

tztb\~\Z. WTOd: olZ?ti\££l\ 
[0 0 6 9] -tUt>%. i)$itGdzY3-2x- 2 CaaxF 
e2- y I n y F e 3-x Vx 0 12 X. 0<x^0. 7. 0. 
2 5 < y <0. 4. 0. 35^z^1. 6£35£-t&*i 

[0 0 7 0J fcf£L % x>0. 7il0z<0. 3 5t'fc 
£££:£>£:L\, y^O. 4 X\*&)%m<D fit 

u vmmxui^L. mmtz trntm^m^ £ m<t £ -e- 

£ 0 z<0. 3 5T?li^;g{|iJCD;a^^^^. z> 

1 . 6 xitm^m(D^mmmm^t u y . l < * 

[0 O 7 1 ] tztx.lt. m&iZG do. 8 Y1.2 CaiFe 
1.7 I no.3 Fe2.5 Va5 Oi2tSt)tx=0. 5 % y = 
0. 3. z = 0. St LtztZO&mi*. ^TCDiiy<t 

u-otzo n oufe-yiL^'t h^roL^r^i2 o°cx<Dt& 
mmit (Msf) ii7 5mT, &M&#mw>&¥m$£ 

(AH) iil 2 40A/mtfcoL ^CD;SJt^S[li> 
-40°C-20°CT?-0. 1 5%/°C, 2 0°Cifig$-C- 
0. 1 7%/°C, 6 0°C~ 1 O 0°CT:-0. 2 9%/°C 
X&^tzo 

[007 2] ZCb^J Oufc-yii^j ^$mi*xttf$L 

tz#-oj&\Bi&m*\z-Di^xi*. mxm^it-i o°cx 

0. 1 9dB 4 2 0°Ct*0. 17dB. 80°CTrO. 1 
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8 d Btfcy, I&ttJSaMSli- 1 0°C-C3 3 OMH 
2 0°C"C 3 2 9MH z» 8 0 °C"C 3 3 OMH z*Cfco 

[0073] cusses) mmmi cos r ?x^ h« 

-ay^Uh^ate. ?SttNd-Fe-BM5fl)L>f 

- f e - B*«cicotxri*i»ftjBa«iiUBa)fc«>^i 

[0 0 7 4] «BtEG>ttfDi84t (Ms™) 0);SS»tt 
vsM£ffli*Til£L*:£;:*K ffl*i<D*r»i;Blt 

^fiBffili-O. 0 4%/°C v ??jttNd-Fe-Bli 

[0075] mmmi tmm^Lx^-c<?nmz?^^^ 

(-4 0~2 0°C) "CliO--0. 4%/°C. g^i 
(6 0- 1 0 0°C) rii-0. 6~-0. 8%/°C^g 

te;E®JT*iio~-o. i 2%/°c. ^sfijr-ii-o. i 

7~-0. 23%/°C^flT*fcofco 

[0 0 7 6] )a±<D*S»iz<fc4xii. 3^prj8@tt*-=F-fflT 

a>saE«»^a>tt*-e**«o -4 o°c~2 o%aftflk 
£fciio~a%/ 0 c % 6 o°c~ i o o^ssasri ( i . 

5 x £ ) %/°C~ ( 1 . 9 x 0 ) %/°C*)<. Si@ (fcfcf 
Lor. 0 ItfrAm&omiQMit (Msm) <Df5];£J®i§KlC 

[O0 7 7] (HlfcfcH) SIJ6«3Tf*iJBBLfc«ia;M 
«»0>IS8«l::-3l*-Cli* S*«30)Gd-Ca-V-l 



nlftlY I GOm*. GdiftiY I G, A I M&C 
^MC0mi5n D n l3^^/rli^(ZOtNT^|l^j3 «t|5]tfHZ 
[0 0 7 8] i^SB»<BSS*£*4fctfK 

7i7^f hottftttfb (Msf) A<J:y*#t^|Bfita)» 

[0 0 7 9] CKDK^fc/cy^RTaSIsIB*^© 

»*«T«j|»i:u fl.fflizt*>«^-$ga:i+r Ataxia 

[0 O 8 0] 

[11] **IB0)-*16«lzBI-B*priS|5jB*^a)»« 

[12] ««nrzii«3i]ifla)tttt«Kn-r«Bi-eft 

[13] **^fcH*<ftO>SlS«a)«*tt*KWr*0T- 
[14] **MfcH*SiJ0)*S6«<D»tt$KWr-5H-e 

ens] *«ni::Hs$fe3Ha^flatti±£ift9rf-« 
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